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1. INTRODUCTION

The Federal Emergency Management Agency (FEMA) prepares Flood
Insurance Rate Maps (FIRMs) based on the results of Flood Insurance Studies
(FIS). Those studies determine the areas with a i-percent annual chance of
being inundated. The flood is called the Base (100-year) Ffood by FEMA. The
FIS must evaluate the existing flood conveyance system, including installed
flood-control measures. The determination of the inundated area may depend
on whether flood-control measures protect part of the floodplain. With
increased development in the arid western portions of the United States, more
people are being exposed to the extreme flood hazards associated with flash
floods, mud and debris flows, high flow velocity, channel avulsion, erosion and
channel migration on alluvial fans. The dominant fluvial processes operating
on alluvial fans are episodic in nature and are poorly understood.
Nevertheless, one must consider whether flood-control measures perform well
on alluvial fans, and if so, whether their performance can be evaluated.

1.1 Geomorphology of Alluvial Fans

Alluvial fans are depositional landforms, developed over a geologic time
scale, located at the base of mountain ranges where ephemeral mountain
streams emerge onto the lesser slopes of the valley floors (French, 1997).

They are usually conical, or fan shaped in plan view. On topographic maps,
alluvial fans appear as contour lines that are concentric about a canyon mouth
(fan apex). Figures I-| and 1-2, respectively, are plan and profile views of an
idealized alluvial fan. The figures also illustrate some of the terms used in this
report.

The broad use of the term “alluvial fan” in the geologic literature does not
imply the existence of any specific hydraulic processes. Trends in deposition
and erosion are episodic and locally variable on alluvial fans.

There are fluvial systems which are not on the typical conical fan but
maintain some of the characteristics of systems on alluvial fans, Arroyos are
examples of distributary drainage networks with flow characteristics similar to
those of a typical fan.
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Figure 1-1 Plan View of an Idealized Alluvial Fan

The sediments deposited on alluvial fans are generally coarse grained,
being composed of sand, gravel, and boulders. The depositional region is
relatively close to the source region when compared with riverine situations.
Alluvial fans are most common in arid or semi-arid areas where there is little
vegetation; however, they also occur in polar and humid regions (Lecce, 1990
and MacArthur, et al., 1992). There is considerable discussion in the
geomorphologic literature (Lecce, 1990) regarding the formation of alluvial
fans.

Alluvial fans in the arid and semi-arid areas of the Southwestern United
States are the focus of this study. In these areas, the important factors that
contribute to the formation of alluvial fans are the hydrology, the geology and
soil type, and the vegetative cover. Formation of an alluvial fan requires a
source of sediment, a mechanism for moving that sediment, and an abrupt
change in topographic slope and channel width that leads to shallow
unbounded flow and sediment deposition. The relatively steep slopes often
found on alluvial fans (3 to 20 percent) provide a high energy environment for
the movement of water and sediment. The unbounded lateral dimension and
rapid depositional nature of alluvial fans support frequent avulsions and flow
spreading laterally on the fan surface. The hydrology of these areas is
characterized by ephemeral (episodic) streams that only carry water and
sediment during significant rainfall events. The predominant rainfall events that
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Figure 1-2 Profile View of an Idealized Alluvial Fan

form alluvial fans in these areas are localized thunderstorms. These storms
may occur only once every several years over the watershed contributing to
any particular fan (French, 1987).

During the periods between large storms, unconsolidated sediment
accumulates within the watershed and stream channels from minor storms,
weathering, dry ravel erosion, earthquakes, etc., providing an abundant supply.
This combination of steep slopes, abundant supply of sediment, and intense
short-duration precipitation can produce mud and debris flows capable of
moving large amounts of sediment onto the evolving fan. Debris flows can
occasionally form “sieve deposits” on the fan (Rachocki, 1981). Sieve deposits
occur when the water filters into the underlying coarse deposits, depositing the
recently moved material. The stream channel system on alluvial fans is
typically braided, which is both a characteristic of alluvial fans and an
important factor in their formation (Rachocki, 1981). Beaty (1990) states that
an “average” alluvial fan in the White Mountains of Southern California and
Nevada could be formed in about 750,000 years by three “average” debris
flows every 1,000 years,

During a flood event, the flow may abandon the path It has been taking
and follow a new one. The occurrence, termed an avulsion, can result from
floodwater overtopping a channel bank and creating a new channel. The
overtopping may be caused by the sudden deposition of sediment and/or
debris, or by the undercutting and subsequent failure of a channel bank.
Because points below the avulsion may be in the path taken by the flood flow,
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either before or after the avulsion occurs, the probability of those points being
inundated by the flood is greater than if the avulsion had not occurred.
Through multiple avulsions over geologic time, the fan aggrades uniformly so
that it tends to exhibit a concentric, semi-circular contour.

Changes in flow and/or sediment supply to the fan can greatly affect the
morphology of the apex and fan surface. If sediment supply from the
upstream watershed to a fan is reduced due to changes in rainfall patterns or
increased vegetation, incision of a channel will begin at the apex. When
sediment transport capacity or competence of the flow exceeds the sediment
load available at the apex, the flow will scour the fan surface and create an
incised channel. As long as stream competence exceeds sediment supply,
channel deepening and widening will continue. A return to higher sediment
productivity in the watershed, that mayresult from forest fires or increased
rainfall, will often cause the channel to backfill. In that case, erratic flood
channels and sediment deposition will again dominate. If the reduction in
sediment supply is permanent, an incised channel or entrenchment of the fan
surface results. Normal depositional patterns on the fan are altered by the
entrenchment in such a way that little deposition occurs near the apex, fan
building commences downstream where the entrenchment ends, and flows
radiate laterally over the fan surface. A new, secondary fan is established with
its apex at the end of the entrenchment.

Significant watershed and fan characteristics that influence flood behavior
include:

watershed slope

watershed soil type, vegetation and land use

forest fire frequency

rainfall intensity and duration

longitudinal and lateral fan slope and shape

fan sediment type and vegetation

existence of an entrenched channel(s)

presence of rock outcrops or sills in the channel

location, density, geometry of development and/or structures (roads,
fences, railroads, buildings) on the fan

The influences and potential affects of these fan characteristics on the
hydraulics and the sediment transport capability of flood waters must be
considered when placing and designing structures on alluvial fans,
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1.2 Floods on Alluvial Fans

Floods on alluvial fans, in the geographic regions discussed here, are
generated by both localized convective storms and large scale cyclonic
storms. Convective storms are the more common cause in Nevada, Arizona,
Utah, and New Mexico; large cyclonic storms, generally, produce the flooding
on alluvial fans in Southern California. Flooding on alluvial fans is infrequent,
rapid, debris laden, and of high velocity. These floods can fill flood-control
channels with debris, or erode elevated structures such as roadways, railroads
and pipelines that cross the fan. Alluvial fans usually have multiple, braided
channels that are subject to avulsion factors such as human activity modifying
the landscape between floods, changes in vegetative growth, debris
accumulation, eolian sediment deposits, etc. Brush fires in the contributing
watershed can have a major impact on the availability and delivery of water
and debris. Freshly burned watersheds can produce 10 to 100 times more
sediment per unit runoff than unburned catchments (MacArthur, 1983).
Precipitation and streamflow data for alluvial fan floods are sparse because
alluvial fan flooding is typically caused by infrequent and intense storms.
Long, dry periods between floods contribute to a rapidly declining public
awareness of the flood hazard. In addition, most fans had not been
developed; therefore, there are little or no long-term, historic flood records
available for specific fans.

FEMA (1989) has identified the following flood hazards that may be
encountered on alluvial fans:

High velocity flow (15 to 30 ft/s) that can produce significant
hydrodynamic forces on structures

Erosion/scour to depths of several feet

Deposition of sediment and debris to depths of 1520 feet during a
single event

»  Debris flows and their associated impact forces and large sediment
loads

»  Mudflows and their associated deposits and need for removal

» Inundation, with its associated hydrostatic (buoyant) forces on
structures (these forces are often affected by high sediment
concentrations leading to modification of the effective fluid density
and viscosity)

«  Flashflooding, which means that there is little (ii any) warning time for
evacuation and emergency actions to protect property

» Little or no long-term data; (event frequency and duration criteria
must often be estimated from regional relationships based on limited
data)
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1.3 Purpose, Scope, and Study Limitations

The FIA requires an assessment of the effectiveness of various structural
approaches to flood control in alluvial fan Special Flood Hazard Areas
(SFHASs). The purpose of this study is to document how installed flood-control
measures have performed during major floods and to present current
methodologies for assessing the performance and adequacy of the measures.
Non-structural measures were not within the scope of this study, nor were
methodologies for mapping alluvial fan hazards. This report is aimed at
providing guidance to floodplain managers for use in assessing the adequacy
of structural flood-control measures on alluvial fans (primarily improved
channels, detention storage, diversions, and bypasses) for protection against
the Base Flood. This report is not intended to be a design manual.
Considerable study and testing, which are beyond the scope of this report, are
required for proper design.

It must be recognized that the state-of-the-science and our understanding
of mobile boundary hydrodynamic processes on alluvial fans are limited.
These complex processes often evade theoretical attempts to characterize flow
depth, location, orientation, velocity, sediment-carrying capacity, and event
predictability with a high degree of accuracy. Present state-of-the-science
methods depend on empiricism, experience, field observation, and the
application of traditional clear-water assessment methods that have been
modified to account for flow bulking and the unpredictable; and often episodic,
nature of alluvial fan processes.

This report documents flood experiences with flood-control structures on
alluvial streams. While the emphasis is on alluvial fans, many of the potential
flood hazards and performance problems for fans are the same as those on
alluvial stream projects throughout the Southwest. It is intended that
documented flood problems will lead to an awareness of potential causes for
failure, and the required analyses to quantify important design parameters.

The information and examples presented herein, are taken from field reviews of
projects, interviews, and from various reports, papers, and publications listed in
Chapter 4 of this report. The three basic approaches used in this study were
to:

1) Prepare an inventory of project experience;

2) Conduct a library search for related studies and reports; and

3) Summarize engineering assessment procedures for determining the
adequacy of alluvial fan flood-control structures.

Chapter 1. INTRODUCTION



1.4 Definitions

There are many terms used in this report and in the literature that are
descriptive of alluvial fans and streams; sediment, debris, and mudflows;
structural flood-control measures and their features; and the nature of the flood
risk. Some of the terms are in general public usage, while others are technical
and may not carry the same meaning among professionals. A glossary was
developed for this project and it is included as Appendix A. The definitions are
intended to be brief and informative; therefore, in some cases they may not be
technically complete. The intent is to simply explain technical terms so the
reader can better understand this report.
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2. CASE STUDY REPORTS

The following case studies present reviews of flooding problems and, in
some cases, failures of flood-control project features. Some of the examples
are not specific to alluvial fans; however, they all represent the type of flooding
problems and project failures that must be addressed in successful projects on
alluvial fans. Some earlier flood experience has been incorporated into U.S.
Army Corps of Engineers (USACE) and other agency standards and guidance
documents. Most of the following information comes from office reports that
are not readily available. Because there is limited access to these documents,
major portions of the documents that meet the objective of this report have
been paraphrased or copied in this chapter. Quotation marks and traditional
reference marks have not been used because the information is taken from a
single report. Full credit for the investigations and presented information
belongs to the writers of the referenced reports.

2.1 Los Angeles County 1938 Flood

Location: Los Angeles County, California

Reference: “Report on Engineering Aspects - Flood of March 1938”
(USACE, 1938).

While this is an old report, it documents flood-related problems concerning:
channel bank protection; super-elevations at bends; transportation and
deposition of debris in channels; action of debris basins; and dam operation
and size of spillways. While the experience gained from studies of this type
have been incorporated into the USACE Engineer Manuals, the summary of
types and causes of failure are worth presenting here because they represent
items that must be considered in the design and construction of flood-control
measures. Excerpts on the subjects of bank protection, debris basins, and
dam operation are presented here.
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Flood Experience

The series of storms that occurred in the Los Angeles County Drainage
Area during the period of February 27 to March 3, 1938, caused the largest
flood discharges on record. At many locations, the estimated peak discharge
exceeded the previous record by two or three times. While a considerable
amount of data were collected, there was a lack of direct measurement of
discharge during the peak period. The flood was of short duration and the
rapid change in stage made it difficult to collect field data.

Bank Protection

The following, are seven main classifications of bank protection:

1) Pipe-and-wire fence

2) Riprap (dumped rock)

3) Rock paving (hand-placed)

4) Wire and rock mattress

5) Gunite slope paving

6) Reinforced concrete open channel
7) Reinforced concrete closed conduit

Pipe-and-Wire/Pile-and-Wire Fences. Fence-type protection was used
extensively on the Rio Hondo and San Gabriel River and tributaries. It
seemed to have played an important part in preventing bank erosion and
confining the flood within channels in straight, or nearly straight, reaches.
However, large sections failed on the outside of bends, or where some
obstruction directed the main current against the fences, The weakness of
this form of protection was its inability to deflect cross-flows sufficiently to
prevent bank erosion on the back of the fence, and the ease with which
pipe or piles were broken off or pulled out when encountering the full force
of the current. In general, the stream alignment was assisted and the
tendency to meander retarded in some cases, but this form of protection
was ineffective at critical locations,

Riprap Bank Protection. With few exceptions, riprap may be classed as
derrick stone or dumped rock. Numerous failures of this type of levee
occurred largely on the outside of bends or in the vicinity of an exceptional
disturbance. The failures appear to have been started at the toe rock. The
maximum velocity in the lower river was probably In excess of 18 ft/s. The
irregularity of the pavement is believed to have set up scour along the toe,
chopping the toe rock and cutting into the earth levee.

10
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Rock Paving Bank Protection. The review of several creeks with this
protection showed no damage with velocities up to 17 R/s and rather
sinuous channel alignment. The upper Los Angeles River, wRh a design
capacity of 40,000 ft3/s, had an estimated 60,000 ft% and flow velocity in
excess of 20 ft/s. The failures there were attributed directly to poor channel
alignment, disturbances created by side inflows, and ponding of local
drainage behind levees. There was some indication that failure may have
commenced immediately above the toe rock. Other failures seemed to
have commenced about half-way up the slope. Once the stone was
removed, water entered the fine sand of levee fill, and undercut the upper
section. Failure progressed downstream until a breach of sufficient
capacity to bypass the levee was made.

Wire and Rock Mattress Protection. Two types of protection included one
in which the toe of the slope is protected by a wire and rock mattress and
the upper slope by wire laid on the slope, and the second in which the wire
and rock mattress covers the entire levee face. These types of revetment
withstood the flood as long as flowing water did not get behind them.
Where this occurred, the rock mattress was rolled up and carried away.

Gunite Slope Paving. Extensive failures of this class of protection occurred
along the Los Angeles River. Failure seems to have been the result of
water getting into the levee through cracks, causing settlement and
breaking out a small section after this breach was made. The high velocity
flows ripped off the thin gunite slabs.

Reinforced Concrete Open Channel. No difficulties were experienced with
this type of improvement, with the exception of several breaks in small
channels and the Verdugo channel in the vicinity of a bridge, where a
section of channel had been left unlined during the reconstruction.

Reinforced Concrete Closed Conduit A great many small structures of this
class were rendered useless by plugging with debris; however, only one
important structural failure was noted. A double-barrelled conduit, each 18
feet wide and 6 feet tall, became severely blocked with debris, causing the
flow to blow off the cover slab.

Debris Basins

The 1933 fire and the disastrous New Year's Day 1934 Flood hastened the
adoption of the basin method of debris control. At the time of the March flood,
there were 16 debris basins in the Los Angeles County area. During the years
1933 to 1935, most of the areas involved were burned. As it takes 5 years or
more to re-establish cover after a burn, the state of the cover in the drainage
area was inadequate for the 1938 storm.
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The debris basins functioned very satisfactorily within the limits of their
capacity. In the areas wlth steep slopes, the material eroded was much larger
and coarser than in the areas with flatter slopes. It was noted, as a typical
case, that material accumulated to the crest of the outlet structure and was at a
fairly uniform grade line to approximately the top of the inlet structure. When
this condition was reached, a large amount of material passed over the outlet
spillway during the peak inflow period. In one example, the debris slope
backed up over the top of the inlet structure and piled up in the approach
channel. In general, the action of all the debris basins was judged satisfactory.

Outlet Channels. A common phenomenon was noted at a majority of the
basins: a pulsating discharge from the basin to the outlet resulted in the
formation of a standing wave, which proceeded down the channel at a high
velocity.

DamOperation

At the time, most of the reservoirs were small, local projects with small
capacity and limited outlets, and so they had little effect on large flood peaks.
The reservoirs serve mainly as debris basins and conservation structures.
Although no appreciable damage to the structures resulted, the outlet and
storage capacity of several structures were materially reduced by debris.

2.2 Southern California 1969 Floods

Location: Southern California

Reference: “Report of Engineering Aspects - Floods of January and
February 1969 in Southern California” (USACE, 1974).

The floods that struck Southern California during January 18 to January 26,
and February 20 to February 26, 1969, were the most damaging floods of
record in six counties. Although past floods may have equaled, these floods
were more damaging because of the intensive development that had taken
place in recent years adjacent to unimproved or partly improved stream
channels. More than 100 persons lost their lives in the floods, and property
damage totaled more than $213 million. These were also the first great floods
to occur since construction of the complex systems of flood-control projects by
the USACE. This report presents information on each project sustaining flood
damage or encountering problems not foreseen in design, on flood
magnitudes, and on flood-damage data to permit future re-evaluation of
practices and criteria. The report presents project-oriented information on

12
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existing improvements sustaining flood damage, plus the performance of flood-
control improvements, special problems, and evaluation of existing design
criteria. The following paragraphs summarize the performance review, special
problems, and presents the evaluation of design criieria.

Performance of Flood-Control Improvements

Only improvements sustaining flood damage where the probable cause of
damage could be determined are discussed. The information is presented by
the following four project types:

1) levees

2) channels

3) debris basins
4) reservoirs

Levees. The performance of USACE levees that sustained damage is
discussed under the categories: single-levee projects and double-levee
projects. All the levees were protected with stone revetments on the
channel side.

Sing/e-Levee Projects. The single-levee projects sustaining flood
damage were Santa Maria Valley, the Santa Clara River levee, the Lytle
Creek levee, the Mill Creek levee, and the Banning levee. Projects, both
with and without groins, successfully withstood most of the damaging
effects of the high-velocity floodflows. The major damages sustained by
the levee revetments were probably caused by meandering flows that
undermined the stone toe protection at isolated points. The erosion and
subsequent slumping along the Santa Maria Valley levees, where the levee
revetment was ungrouted, were clearly caused by undermining of the
revetment toe as a result of impinging cross-stream flows. The severe
scouring that occurred along the Mill Creek levees, where the levee
revetment was grouted, was also caused by impinging cross-stream flows.
Other failures were due to excessive streambed degradation and
insufficient depth of the revetment toe.

Investigation of effects of earlier floods revealed the ineffectiveness of
the triangular-shaped toe protection on the grouted-stone revetment. This
type of toe protection was used for the Lytle Creek levee and Muscoy
Groin 4, as shown in Figure 2-l. Investigation of these two improvements
after the 1969 floods, revealed the streamward displacement of the
quarrystone toe protection that had originally been placed on the grouted-
stone revetment. The scattering of the displaced quarrystone away from
the revetment and the absence of the bulk of the quarrystone in the eroded
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Figure 2-1 Scour Adjacent to Muscoy Groin 4 (Photo 36 - Scour depth
of about three feet below the foe of grouted-stone facing.)

section at the toe indicated that this design is ineffective in providing
additional protection against excessive scour along the toe.

Double-Levee Projects. These projects consist of the San Gabriel River
approach channel (which is also discussed under the section below titled
Channels), the Riverside levees, and a 5-mile reach of the Santa Maria
Valley levees. The San Gabriel approach and the Riverside levees
performed well. Except for local scour near the stabilizers in the San
Gabriel River approach, little degradation or aggradation occurred. The
excellent performance of both projects reflected the efficiency of proper
earth-bottom channel design. It was noted that this type of performance of
channels with alluvial streambeds is possible where the upstream sediment
supply is sufficiently large to replace the material transported out of the
improved reach, and where the channels do not have excessive base
widths that permit meandering. The reach of double levees in the Santa
Maria Valley levees project is an example of a leveed channel with an
excessive base width. The levees were damaged by impinging cross-
stream flows.

Channels. Channels sustaining flood damage were the Los Angeles River,
the San Gabriel River, and the Devil Creek diversion. Only the cause of
damage on the San Gabriel River channel could be clearly defined. In
general, little damage occurred in reaches of fully-lined concrete or
grouted-stone channels.
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The sloping drop structures in the San Gabriel River approach channel,
upstream from the Santa Fe Reservoir, withstood the floodflows
satisfactorily, except for isolated structural damage. The drop structures
generally performed efficiently. The sloping grouted-stone aprons of the
drop structures did not fail despite the abrasive actions of the moving rocks
and gravel carried by the floods. The highly abrasive action of the
floodflows was clearly evidenced by the sheared conditions of the stone
projections on the surface of the sloping aprons.

In the reach of the San Gabriel River channel from Santa Fe Dam to
Whittier Narrows Reservoir, severe damage was sustained by revetments
near the stilling basins of the drop structures. Grouting of the revetments
would have prevented much of the damage that occurred.

Debris Basins. A review of the debris basins indicated wide variations in
the amount of debris and sediment trapped during the floods. The greatest
amount of sediment and debris was produced from areas extensively
burned in the fires of 1968. Generally, the USACE debris basins’
accumulation was well below their total capacity. Six basins, constructed
by local interests, were filled with mud and debris during the floods.
Aithough property downstream from the debris basins was severely
damaged by mud and debris after the debris basins were filled, the
damage would have been much greater if the basins had not trapped the
bulk of the material.

Reservoirs. Prado Reservoir was the only USACE reservoir that
experienced serious problems in making planned releases; this was due to
damage to downstream levees. Many non-Federal reservoir projects
sustained damage during the floods. The damage included plugged-up
outlet works, destroyed water-supply systems, damaged irrigation-outlet
systems, undermined spillways, and eroded outlet channels. In addition,
the capacities of the non-Federal reservoirs were severely reduced by
sediment and debris deposition,

Special Problems

Sediment Transport. Sediment transported by the 1969 floods and
deposited along channels and levees and in reservoirs and debris basins,
caused serious damage to flood-control improvements. The collection of
sediment data by the U.S. Geological Survey (USGS) and the data collected
on sediment deposition during the 1969 floods, permitted an evaluation of the
formulas used in design of USACE projects. The comparisons applied
Du Boys’ formula, Einstein’s bed-load method plus suspended load, Colby’s
curves, and the Toffaleti procedure. The results were plotted on a log-log
display of flow in #3%s vs. sediment in tons/d. Generally, the methods
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underestimated the sediment transport, compared with the USGS field data.
The Einstein method gave the closest agreement to the measured data, even
though the two differ by several hundred percent. The Toffaleti method gave
the closest agreement for discharges, less than 1,000 ft3/s, but departs
radically from the curve based on USGS data for greater discharges.

Gravel Pi. Gravel pits and gravel-extraction operations in streambeds
caused severe damage to USACE flood-control improvements during the 1969
floods. The extensive gravel-pit operations in the streambed of the Santa Clara
River and the stockpiling in the floodplain of materials from those operations
accentuated the meandering qualities of the river. In reaches where complete
failure of the levee occurred, the high-velocity floodflows of the meandering
river were deflected toward the levee by a natural high bank on the opposite
side of the stream.

As a result of virtually uncontrolled mining of sand and gravel in the
streambed of Lytle and Cajon Creeks, even insignificant flows caused serious
degradation of the streambed. As mentioned above, gravel pits accentuated
the meandering stream. When floods occurred, the headcutting action of
floodflows moving into the pits scoured the streambed in an upward direction
and attacked nearby flood-control improvements. The scouring action of the
floodflows eventually caused failure of the levee toes.

The experience gained during the 1969 floods emphasizes the need for the
establishment of controls on gravel mining in the floodways of future projects.
Such controls are usually administered by the flood-control district responsible
for operation and maintenance of the project. Suggested requirements
include:

No stockpiling of any kind and no other obstructions will be permitted
in the floodway.

No excavation will be permitted within a strip extending 200 feet
streamward from the levee-control line.

No excavation will be permitted below a plane originating a distance
200 feet horizontally and 10 feet vertically from the levee-control line,
and extending to the channel side on a slope of 1 ft vertically, for every
20 feet horizontally.

No excavation in the floodway will exceed a depth of 50 feet below the
elevation of the corresponding point on the levee-control line.

All extraction operations will be conducted in accordance with plans
that have received prior official approval of the USACE, and which will
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provide for continuous pits within the property of any one operation.
“Leapfrog” operations will not be permitted, and the continuous pits will
not be sinuous, with respect to either line or grade.

Temporary excavation not conforming to the above rules will not be
permitted.

Depth of new pits on the shore side of the levee shall not extend below
a plane passing through the present ground surface at a point 60 feet
south of the levee-control line, and dropping toward the south at a |-
on-l 0 slope.

Depth of new excavation in existing pits shall not extend below a plane
starting at the point described above, and dropping toward the south at
a l-on-5 slope.

Evaluation of Existing Design Criteria

Levees. The severe damage sustained by levees during the 1969 floods
indicates that continued investigation and analyses should be made of design
criteria pertaining to the depth of revetment toes. The insufficient depth of
revetment toes was probably the major cause of levee damage to the Santa
Maria Valley, the Santa Clara River and Mill Creek levees, and the Lytle and
Cajon Creeks channel improvements. For levees where flow impingement is
likely to occur during floods, the depth of the toe protection should not be less
than the depth of the anticipated scour below the invert. When rigid
revetments are used, the toe protection should be either an extension of the
rigid lining to a depth below the estimated level of scour or a system of gabion
mattress. The use of stone protection is discouraged because it was washed
away during the 1969 floods.

Channels. Current freeboard criteria was judged adequate. The
conclusion was based on the absence of any evidence or report of spillage
over the tops of the channel walls at any time during the floods.

The riprap side-slope protection for earth-bottom channels functioned
satisfactorily during the floods. Detailed analyses, made after the floods, of the
thickness and grade of the riprap in place on three streams, indicated that the
recommendation in Civil Works Engineering Bulletin 52-15 are reliable and
conservative.

Sediment transport through earth-bottom channels and a series of drop
structures had been evaluated using Du Boys’ equation. While detailed
analysis could not be made because information was not available on the
quantity of sediment passing through Whittier Narrows Dam, an evaluation of a
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reach with seven reinforced concrete-drop structures indicated that the method
is adequate. Additionally, the method serves as a guide in determining the
maximum degradation and aggradation of an invert during a design flood and,
in turn, the design depth of toe protection and the heights of levees.

The use of sloping bridge-pier extensions to reduce debris deposition was
judged successful. No debris accumulated on the extensions provided on
bridge piers in the Rio Hondo channel, which was the only channel with the
extensions and the maximum discharge near the design discharge.

Debris and sediment deposition in concrete channels was not a problem
where debris basins were present. Extremely large amounts of sediment were
deposited in the rectangular sections of the Devil Creek diversion channel,
which did not have a debris basin. The design of concrete channels in
drainage areas capable of producing large amounts of debris and sediment
during floods, should include provisions for trapping such material at the head
of the channel or moving the material through the channel. An alternative
method for conveying all debris and sediment throughout the length of a fully
lined channel is to design the channel with a steep grade and a trapezoidal
configuration to maintain sufficient depth and velocity to move the material.

Deb&Basin Capacities

The criteria currently used by the USACE, Los Angeles District to determine
design capacities was judged satisfactory. The criteria used are described in
the paper titled “A New Method of Estimating Debris-Storage Requirements for
Debris Basins” (Tatum, 1963).

Reservoir Sedimentation

Reservoir surveys made by the USACE, Los Angeles District after major
storms, provide data on the rate of debris and sediment inflow to existing
reservoirs. The data collected provide valuable information for use in
estimating sediment allowances for future projects. Guides for estimating
sediment yield are contained in the paper titled “Factors Affecting Sediment
Yield in the Pacific Southwest Area” (PSIAC, 1968).
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2.3 Riverside County 1980 Flood

Location: San Jacinto River Levee and Bautista Creek Channel,
Riverside. California.

Reference: Engineering Report, “Report on Levee Failures and
Distress San Jacinto River Levee and Bautista Creek
Channel, Riverside County, Santa Ana River Basin,
California” (Engineer Team, 1980).

This report reviews project design, construction, subsequent modifications,
flood history, project performance, investigation of potential causes of failure,
probable cause of failure, and remedial measures taken. Sections on project
design, construction, and performance are presented here, along with the
causes of levee failures and conclusions. The section on potential causes, lists
the items that should be considered in levee design and construction.

Background

During February 1960, flooding caused the San Jacinto River flood-control
project to undergo distress. Levees on both San Jacinto River and Bautista
Creek reaches were breached, as evidenced in the aerial mosaics. Because of
this occurrence and at the request of the USACE, Los Angeles District, an
Engineer Team was formed and tasked with determining the probable cause or
causes of failure; recommending remedial construction measures; and making
recommendations as to the application of this experience to existing and future
projects. The report sections describing the project design, construction,
project performance, causes of levee failure, and conclusions are presented
here.

Project Description

The San Jacinto River levee and the Bautista Creek channel improvements
are located in Riverside County. They consist of a 3.7-mile levee on the left
side of San Jacinto River, a 1.3-mile levee on the left side of Bautista Creek,
and a 3.25mile concrete-lined channel on Bautista Creek upstream from State
Highway 74. The federal cost of constructing this project was $3 million. The
project units are designed to protect San Jacinto, Hemet, Valle Vista, and
nearby agricultural areas. Since their completion in November 1961, the units
have been maintained by the Riverside County Flood Control and Water
Conservation District (RCFC&WCD). During the 1969 floods, they prevented
damages estimated at $1.3 million.
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Project Design

The bases for design are included in the following reports prepared by the
USACE, Los Angeles District:

Design Memorandum No. 1, “Hydrology for San Jacinto River and
Bautista Creek Improvements,” July 1959;

Design Memorandum No. 2, “General Design for Bautista Creek
Channel,” September 1959; and

Design Memorandum No. 3, “General Design for San Jacinto River
Levee,” September 1960.

Hydrology. The standard project flood (SPF) was used as the basis for
design. The flood was developed in accordance with guidelines presented in
Civil Works Engineer Bulletin No. 52-8, dated March 26, 1952. The standard
project storm, general winter type, was employed for the drainage area
tributary to the San Jacinto River levees. This storm is based on the assumed
occurrence of a storm equivalent to that of January 1943, transposed and
centered over the area tributary to the pertinent area. The standard project
storm, local type, was used for the drainage tributary to the Bautista Creek
improvement. This storm is based on the assumed occurrence of a storm
equivalent in magnitude to that of March 1943, transposed and centered over
the area.

The resulting SPF peak discharges are 88,000 ft%s for the San Jacinto
River improvement and 16,500 f3/s for the Bautista Creek improvement. The
SPF peak discharge for San Jacinto River is about 50 percent larger than the
peak discharge that occurred during the flood record of February 1927.

Hydraulics. The hydraulic design was based on the theoretical analyses
and design practices previously approved for similar projects, The design
conformed to the criteria, which applied at the time, published in chapters of
the Civil Works Construction Engineer Manual and Civil Works Engineer
Bulletin No. 52-I 5.

Design Memorandum No. 3 describes the proposed plan of improvement
and functional characteristics. The pre-project San Jacinto River channel
flood-control levees, were constructed by local interests and were protected on
the channel side with pipe-and-wire fencing. The estimated channel capacity
was about 8,000 to 20,000 ft%s, and the slope ranged from 0.00526 to 0.00935
feet/ft

20
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The levee along Bautista Creek was built in a reach where local interests
had constructed sand levees and pilot channels. The channel sides were
protected with pipe-and-wire fencing. The capacity of the pre-project Bautista
Creek channel was about 75 percent of the design flood flow, and the slope of
the channel ranged from 0.0100 to 0.0182 feet/ft.

Water-surface computations were made by the reach method, using
Manning's R. The computations were made on the basis of a design discharge
of 86,000 #%s in San Jacinto River downstream from the confluence with
Bautista Creek, and a design discharge of 16,500 ft%/s in Bautista Creek. The
maximum water-surface computations to determine levee heights were based
on an n value of 0.040. Depths ranging from 5.7 to 13 feet were computed for
San Jacinto